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Abstract Resistance to Potato virus Y (PVY) is one of
the most important traits in seed and ware potato pro-
duction. Currently the tobacco-necrosis inducing PVYN
strain including PVYN-Wi and PVYNTN dominates in the
PVY population in Poland. The PVYO strain which dom-
inated in early 1980s is rarely detected. Since early
1950s, breeding for PVY resistance in IHAR was a part
of the program developing parental lines, which resulted
in selecting lines extremely resistant to PVY. The selec-
tion of these lines was improved by the application of
developed molecular markers. Moreover, the group of
genes conferring comprehensive hypersensitive resistance
(HR) to all strains of PVY was identified and mapped.
The cultivars obtained from parental lines have enhanced
level of resistance to PVY. For registered cultivars, the
level of resistance to PVY is monitored in field exposure
tests, while the reaction to four different isolates of PVY
is examined by artificial inoculations. The 36 cultivars
with field resistance scores 7.5 and 9 expressed resistance
to all tested isolates and 23 of them originated from
IHAR parental lines. Several moderately resistant culti-
vars varied in sensitivity to the PVY isolates and in
majority they were more sensitive to isolates Wi (collect-
ed in 1984) and 12/94 (collected in 1994), than to older
isolates LW and Ny collected in 1970-ties.
Resumen La resistencia al virus Y de la papa (PVY) es uno de
los caracteres más importantes en la producción de papa para
semilla y consumo. Actualmente, la variante que induce necro-
sis en tabaco PVYN incluyendo PVYN-Wi y PVYNTN domina
en la población de PVY en Polonia. Se detecta raramente la
variante PVYO que dominó a principio de los 1980s. Desde el
inicio de los 1950s el mejoramiento para resistencia a PVYen
IHAR era parte del programa para el desarrollo de líneas
parentales, lo que resultó en la selección de líneas extremada-
mente resistentes al PVY. Se mejoró la selección de estas líneas
mediante la aplicación de marcadores moleculares desarrolla-
dos. Más aún, se identificó y mapeó el grupo de genes que
confieren reacciones de hipersensibilidad (HR) que incluyen a
todas las variantes de PVY. Las variedades que se obtuvieron
de las líneas parentales han incrementado su nivel de resistencia
al PVY. Para variedades registradas, se monitorea el nivel de
resistencia al PVY en pruebas de exposición en el campo,
mientras que se examina la reacción a cuatro variantes difer-
entes de PVY mediante inoculaciones artificiales. Las 36 var-
iedades con resistencia de campo alcanzan calificaciones de
7.5. Nueve expresaron resistencia a todos los aislamientos
probados, y 23 de ellas se originaron de líneas parentales de
IHAR. Diversas variedades moderadamente resistentes fluc-
tuaron en sensibilidad a los aislamientos de PVY y en su
mayoría fueron más sensibles a los aislamientosWi (colectados
en 1984) y 12/94 (colectados en 1994), que a aislamientos más
viejos LW y Ny colectados en los 1970s.
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Introduction
Potato is one of the strategic crops in Polish agriculture. In
2009 potato crop, despite decreasing tendency observed in the
last decade, approximately 600 thousand ha were planted with
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12 million tonnes of total yield. The seed production in the
country was held on 5000 ha with the total seed tuber yield of
60 thousand tonnes. The low rate of certified seeds planted by
farmers (about 8 %) leads to a high Potato virus Y (PVY)
infection of widely grown cultivars for fresh market and
processing. Losses in potato crop due to infection with PVY
might vary between 10 and 90 % and result from decreased
size and number of harvested tubers (Jeffries 1998; Novy et al.
2002). Occurrence of the PVYNTN variant, which induces
potato tuber necrotic ringspot disease (PTNRD), causes addi-
tional quality losses in table and processed cultivars. Breeding
against sensitivity to PTNRD has increasing importance in the
selection of new cultivars (Valkonen 2007).
Resistance to PVY is one of the most important resistance
traits in seed and ware potato production in Poland. This
paper presents the elements of breeding research focused on
changes in the structure of PVY population, breeding for
resistance to PVYand evaluation of reaction to various PVY
strains in cultivars registered in Poland.
Structure of PVY Population in Poland
The PVY population at Młochów (central Poland) has been
monitored continuously on tobacco (cv. Samsun) bait plants
mostly every second year since 1980. Based on ELISA results
with strain specific mAbs and non-specific Ab and on symp-
toms on tobacco, the isolates were classified into PVYO
(PVYO serotype, vein clearing on tobacco), PVYN (PVYN
serotype, vein necrosis on tobacco) and PVYN-Wi (PVYO
serotype, vein necrosis on tobacco) strain groups. Selected
isolates showing positive reaction to PVYN mAb were tested
on sensitive potato cv. Vital, Igor and Nicola. The isolates
invoking necroses on tubers were classified as PVYNTN strain.
All tested PVYN isolates induced PTNRD, indicating a
PVYNTN strain type. As shown in Fig. 1, in early 1980s PVYO
strain was up to 85–90 % of the PVY population and it had
dropped below 10% since 1986. From 1984 to 2004 PVYN-Wi
strain had dominated in the PVY population (Chrzanowska
1991) and then decreased to 32 % in 2008. However, in 2010,
PVYN-Wi became the dominant form again (62 %). PVYN
and/or PVYNTN strain had gradually increased since 1994
(Chrzanowska and Doroszewska 1997). In 2004, a significant
increase of PVYN and/or PVYNTN frequency was noted and it
reached 66 % of the population in 2008. Among the isolates
tested in 2010, 14 % reacted positively to both PVYN and
PVYO specific mAb, what might be indication of mixed
infection.
Our study showed that currently the tobacco-necrosis in-
ducing PVYN strain including variant isolates PVYN-Wi and
PVYNTN dominates in the PVYpopulation in Młochów (cen-
tral Poland). Similarly, in some other European countries, a
progressive increase of tobacco-necrosis inducing PVYN
strain in natural populations infecting potato was also noted
during the last two decades (e.g. Dědič et al. 2008; Van der
Vlugt et al. 2008; Lindner 2008; Rolot and Steyer 2008). In
contrast, although PVYN was the dominant form (91 %) in
Tunisia in 2006, it was composed from PVYNTN only, in the
absence of PVYN-Wi (Boukhris-Bouhachem et al. 2010). In
China, a 1:1 ratio of PVYO and PVYN was detected in 2008
(Bai et al. 2010). In the United States and Canada, PVYO
isolates were the most common, accounted for more than
60 % of the population (Gray et al. 2010).
The worldwide spread of PVYNTN and PVYN-Wi has been
explained by their selective advantage over the parent strains
(Kerlan 2003/4). In Poland, transmissibility by Myzus persi-
cae of PVYNTN and PVYN-Wi isolates has been found to be
higher than that of PVYO and PVYN isolates (Kaliciak and
Syller 2009) and PVYNTN was more effectively transmitted
than PVYN-Wi (Kostiw and Trojanowska 2011). Moreover,
PVYNTN and PVYN-Wi can frequently escape detection by
visual inspection in seed potato certification schemes because
Fig. 1 Changes of PVY
population at Młochów
observed on tobacco bait plants
(cv. Samsun) in potato fields
from 1980 to 2010
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of mild symptoms on potato plants (Kerlan 2003/4). This is
especially true for Polish isolates of PVYN-Wi which seem to
be more infective to most potato cultivars and causes mild
mosaic symptoms, making negative selection in growing seed
crops difficult (Chrzanowska 1994).
Breeding for PVY Resistance
The field resistance to PVYexpressed under natural conditions
is of polygenic nature and is present in majority of grown
cultivars. Resistance related to localized infection, expressed
as hypersensitive resistance (HR) or extreme resistance (ER) is
governed by the major dominant genes (Solomon-Blackburn
and Barker 2001). Our breeding for PVY resistance was initi-
ated in early 1950s within a program for development of the
parental lines with multiple resistances to viruses, late blight
and soft rot (Świeżyński 1991). At first, resistance to PVY
infection was introduced into our program from S. tuberosum.
In the course of time, the resistance to infection was replaced by
extreme resistance governed by the single, dominant genes
(Dziewońska 1967). Various independent S. stoloniferum sour-
ces of extreme resistance were utilized in the parental line
breeding program, namely: the clone XIIB from IHAR collec-
tion (Dziewońska and Pochitonow 1971), two clones C.854
and C.858 from UK (supplied by Cockerham), clones MPI
55.957/24 and MPI 55.957/54 from the Max-Planck Institute
for Plant Breeding Research, Germany (Ross 1958). All these
clones were male sterile, however in 1982, the exploitation of
male fertile source of ER began. Such a source was identified in
the accessions of S. stoloniferum from collection of Vavilov
Research Institute of Plant Industry (VIR), Russia, which were
kindly supplied by Bukasov (Butkiewicz 1988).
The resistance to PVY infection was also introduced into
diploid pre-breeding program, conducted parallel to 4x paren-
tal lines program. The donor of this resistance was S. cha-
coense clone PK133 from the Wyszoborz collection, Poland.
The gene Ry-fsto from VIR source of resistance provides
complete resistance to all known strains of PVY and Potato
virus A (PVA). The gene was mapped to chromosome XII
(Flis et al. 2005) and was found to be located at the same
position as Rystomapped by Song et al. (2005). The developed
CAPS marker GP122718 tightly linked to resistance gene was
successfully used for identification of cultivars expressing ER
to PVY. The PCR product of expected size (718 bp) was found
after EcoRV digestion during testing 19 Polish and 8 German
(Flis et al. 2005) and, additionally, in next 5 Polish extremely
resistant cultivars (Witek et al. 2006). The PCR product was
not found in susceptible cultivars.
Nowadays, the GP122 marker is used for Marker Assis-
ted Selection (MAS) in parental line breeding program. The
marker is also recommended for selecting PVY resistant
cultivars in commercial breeding.
Recently, the investigation of reaction to PVY in Polish
cv. Rywal led to the identification of novel gene Ny-1
mapped to the chromosome IX. Since the gene confers HR
to all PVYvariants, it may be considered an alternative to Ry
genes. As expected for HR, the expression of Ny-1 is tem-
perature dependent: at 20 °C common and necrotic strains of
PVY were localized in inoculated plants, while at 28 °C
symptomless spread of the virus was observed (Szajko et al.
2008). Further testing of cultivars expressing HR to PVYN
infection, but lacking Ry gene, resulted in mapping of the
Ny-1 gene in two other cultivars Albatros and Sekwana to
the same region of chromosome IX as Ny-1 in cv Rywal.
Another novel Ny-2 gene has mapped to chromosome XI in
cv. Romula, and this gene governs temperature independent
HR to PVYN infection (Szajko et al. 2012). The group of
cultivars with Ny genes is an additional source of PVY
resistance that can be used by breeders.
Development of parental lines in Młochów was initiated
with an idea to increase breeding efficiency of new cultivars.
These cultivars should have improved quality traits along with
resistance to main potato pathogens and pests, better storabil-
ity and adaptation to water deficient soils (Swieżyński 1987).
Parental lines, bred in a 5 yearcycle, are donors of traits of
interest, having the genetic background enriched with genes
originating from various Solanum species. The fact that the
parental lines combine resistances to main potato viruses with
an acceptable level of agronomic traits is an important element
of the breeding program. This should enhance the chance of
selecting new cultivars, which are resistant to viruses. Com-
plexity of virus resistance in parental lines has been increasing
in the last four decades (Table 1).
In the 5-yearcycles of pre-breeding, breeding lines are
selected for resistance to PVY, PVA, Potato virus X (PVX),
Potato leafroll virus (PLRV), Potato virus M (PVM) and
Table 1 Complexity of virus resistance in tetraploid parental lines
offered to Polish breeders (Zimnoch-Guzowska 2012)
Year of
introduction
Resistance to viruses Gene combination*
1968 PVY, PVA, PVX Rysto,Rxacl
1977 PVY, PVA, PVX, PVS Rysto, Rxacl, Nsadg,
1980 PVY, PVA, PVX, PVS,
PLRV
Rysto, Rxacl, Nsadg,(L)
1985 PVY, PVA, PVX, PVM,
PLRV
Rysto, Rxacl, Rm,(L)








*Genes for resistance to viruses: Rysto, Ry-fsto - PVY, Rxacl -PVX, Nsadg –
PVS, Rm – PVM, Gm –PVM, PLRV4 - PLRV (from the clone DW 84-
1457), (L) – means field resistance to PLRV from S. tuberosum of
possible polygenic background
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Potato virus S (PVS). Selection of resistant forms based on
mechanical and graft inoculation and application of ELISA
tests both in inoculated plants and in their tuber progeny.
Additionally, stocks are exposed to a natural high virus
infection pressure in Młochów experimental field and
assessed by tuber indexing.
In recent years, PCR markers linked to respective resis-
tance genes allowed combining phenotypic and genotypic
selection. The MAS is introduced at the stage of the 5-year
selection cycle, which is chosen on the basis of breeding
priorities and number of assessed genotypes at the respec-
tive year. Nowadays markers are applied for selection of
resistant forms to PVY (Flis et al. 2005; Witek et al. 2006),
PVS (Marczewski et al. 2002; Witek et al. 2006) and PVM
(Marczewski et al. 2006) along with resistance to Globodera
rostochiensis (Milczarek et al. 2011) and sometimes to late
blight (Śliwka et al. 2006). The application of mixed phe-
notypic selection and MAS results in an estimated 50 %
reduction of total costs of selection for resistance traits. In
commercial cultivar breeding, where a limited number of
resistance traits are tested, the use of MAS offers probably a
lower reduction of the total cost of the whole breeding cycle.
However, the number of lines tested for obligatory resis-
tance traits could be reduced by the application of MAS.
Since 1967 some parental lines have been provided to
Polish breeders every year. Each parental line was charac-
terized for ca 50 agronomic, resistance and quality charac-
ters. In total 277 parental lines were offered to breeders
since the beginning of the program. From direct crosses
with parental lines 63 cultivars were selected and registered
in Poland. The analysis of the input of the parental lines
breeding program on breeding progress in Polish cultivars
indicated significant influence of parental lines on starch
yield in the group of starch cultivars and resistance to
PVY and late blight (Fig. 2). Well represented group of
cultivars expressing ER and HR to PVY registered in 2009
in Poland mainly originated from the parental lines breeding
program.
Evaluation of Potato Cultivars Registered in Poland
for Resistance and Reaction to PVY Strains
Out of 133 potato cultivars registered in Poland in 2009, 113
cultivars were evaluated for resistance and reaction to four
PVY isolates from the IHAR-PIB/Młochów virus collection
(Table 2). In this work were used: the isolate LW (collected
in 1970, accession number AJ890349), Ny (collected in
1974, FJ666337), Wi (collected in 1984, EF558545) and
12/94 (collected in 1994, AJ889866). The isolate LW induces
VCl on tobacco and is a PVYO serotype. Based on whole
genome sequence it belongs to phylogenetic group PVYN-Wi
(Hu et al. 2009; Karasev et al. 2011). The isolate Ny induces
VN on tobacco and is a PVYN serotype. Based on whole
genome sequence it belongs to phylogenetic group recombi-
nant PVYNTN as suggested by Hu et al. (2009). The isolate Wi
induces VN on tobacco and is a PVYO serotype. Based on
whole genome sequence it belongs to phylogenetic group
PVYO (Hu et al. 2009; Ogawa et al. 2012). The isolate 12/
94 induces VN on tobacco and is a PVYN serotype. It belongs
to phylogenetic group recombinant PVYNTN based on whole
genome sequence (Hu et al. 2009). The isolate 12/94 causes
PTNRD in the majority of tested sensitive cultivars, while
isolate Ny induces PTNRD only in few cultivars.
According to percentage of infected plants, infection
symptoms and ELISA readings, the examined potato culti-
vars were classified as: (1) ER, if ELISA readings were as
low as for the standard cv. Kuras and the gene Ry-fsto was
identified by MAS; (2) HR, if small necrotic lesions were
observed, but the virus was not detected (ELISA values as
low as for non-inoculated control); (3) relatively resistant
(R), if less than 50 % of inoculated plants were systemically
infected and ELISA readings were higher than in healthy
control; observed symptoms were different and cultivar
dependent; (4) moderately resistant (mR), if 50–80 % of
plants were systemically infected and ELISA values were
higher than those observed in infected plants of the group R
with varied symptoms of infection depending on cultivar;
(5) susceptible (S), if all plants were infected, ELISA read-
ings as high as in plants of susceptible cv. Zebra with
symptoms dependent on cultivar. Tested cultivars were pre-
viously assessed for field resistance by the Research Centre
for Cultivar Testing (COBORU) in a 1 to 9 grade scale,
where 1 means susceptible and 9 extreme resistant.
As shown in Table 2, out of 113 cvs tested, 36 were resistant
to all four PVY isolates. Among them there were 23 ER
cultivars (with Ry-fsto gene present in 20 ones) and 7 HR
cultivars, which were scored at 9 and 8 in the field exposure
Fig. 2 Resistance to PVY and late blight (LB) in 95 potato cultivars
registered in Poland since 2002 according to their origin: foreign,
Polish and Polish derived form parental lines (PL)
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tests, respectively. Beside, the resistance to all four isolates was
observed in 6 cultivars from group R scored in the field at 7.5
and 8. An additional 9 cultivars scored for the field resistance as
7 and 7.5were classified as R ormR depending on PVYisolate.












9 Ametyst, Bzura, Eugenia, Finezja, Flaming, Hinga, Jasia, Kuba, Kuras, Owacja, Pasat,
Roko, Rudawa, Rumpel, Sante, Skawa, Sonda, Soplica, Ślęza, Umiak, Ursus, Wiarus,
Zuzanna
ER*** ER ER ER
8 Albatros, Korona, Neptun, Niagara, Romula, Sekwana, Syrena HR HR HR HR
8 Bartek, Benek, Pasja Pomorska, Gandawa R R R R
7.5 Ikar, Vitara R R R R
7.5 Ibis, Orlik** R R mR mR
7.5 Bard R mR mR mR
7 Miłek R R mR mR
7 Inwestor, Medea, Pokusa, Roxana, Gracja R mR mR mR
7 Irga R R S mR
7 Bila R mR S mR
7 Harpun, Wiking mR mR S mR
6.5 Andromeda, Drop R mR S mR
6.5 Żagiel mR mR S mR
5.5 Agnes R R mR S
5.5 Bellarosa R mR mR S
7.5 Glada R R S S
7 Monsun, Tara R R S S
7 Tajfun, Denar, Lord, Zeus R mR S S
7 Molli, Vineta mR mR S S
6.5 Cedron R R S S
6.5 Karlena R mR S S
6 Karatop, Kolia, Ruta mR mR S S
5.5 Marlen, Oman R R S S
5.5 Cyprian, Elanda, Irys, Justa, Meridian, Tucan mR mR S S
5 Fianna R R S S
5 Asterix, Jelly mR mR S S
4.5 Folva mR mR S S
5.5 Ditta, Rosalind mR S S S
5 Augusta R S S S
5 Panda, Bryza, Satina, Zebra mR S S S
4 Innovator mR S S S
3.5 Ewelina mR S S S
5.5 Gloria, Nora S S S S
5 Fresco, Latona, Pirol, Cekin S S S S
4.5 Bondeville, Lady Florina, Raja, Clarissa S S S S
4 Impala, Krasa, Lady Claire, Ramos, Velox, Victoria, Amora, Redstar S S S S
3.5 Berber, Courage, Courlan, Veronie, Adam, Arielle S S S S
*Resistance score according to Research Centre for Cultivar Testing (COBORU) in 1–9 grade scale, where 1=susceptible and 9=extreme resistant
(carrying Ry-fsto gene)
**Cultivars reacted with potato tuber necrotic ringspot disease (PTNRD by inoculation with isolate 12/94 were written in italic and bold
***ER extremely resistant (carrying Ry-fsto gene, excluding cvs. Sante, Rudawa, Rumpel); HR hypersensitive resistant; R relatively resistant; mR
moderately resistant; S susceptible
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The 44 cultivars, with field assessments from 3.5 to 7.0,
were classified as R or mR after inoculation with the isolate
LW, but their reactions to the other three isolates were
diversified. The remaining 24 tested cultivars scored for
field resistance from 3.5 to 5.5 showed susceptibility to all
the four isolates. Among 113 cultivars tested, 26 cultivars
reacted with tuber necrotic symptoms indicative of PTNRD
by inoculation with 12/94.
Most of the tested cultivars were resistant to the isolate
LW. In turn, isolates 12/94 and Wi were the most infective to
tested cultivars, with the exception of ER and HR cultivars.
This was an additional confirmation of effective protection
by the Ry-fsto gene against old and new PVY isolates. The
application of Ny isolate for inoculation of cultivars with
field assessments below 7.5 led to changes in their classifi-
cation based on reaction to the isolate LW. Namely, 23
cultivars from R and mR were downgraded to mR and S
classes, respectively. In the case of cv. Augusta, the drop
fromR to S class was observed. The use of two new isolatesWi
and 12/94 in the assessment evidenced significant breaking
down of PVY resistance expressed to old isolates LW and Ny.
Similarly to our results, Valkonen et al. (1994) reported that
potato cv. Allegany reacted with hypersensitivity to an ordi-
nary strain isolate of PVYO, but was susceptible to an isolate
of PVY causing necrosis in tobacco (PVYN). In Slovenia the
occurrence of PVYNTN variant in the beginning of 1990s
created significant losses in seed production. In 1990 and
1992, up to 80 to 100 % of seed potato fields of sensitive to
PVYNTN cultivars like Igor and Vesna, Jearla, Resy or Desiree
were rejected due to PVY infection (Kus 1995). In Austria
Schiessendoppler (1996) noticed an increased susceptibility to
PVY strain of older cultivars due to higher virulence of the
PVYNTN along with stable resistance to PVYNTN of some
resistant cultivars. AlsoMcDonald and Singh (1996) indicated
that several North American cultivars sensitive to PVYNTN
strain expressed high or relative resistance to PVYO strain.
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